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ABSTRACT
The effect of seed predation by acorn weevils on the acorns of Quercus insignis was assessed in the
context of frequency of infestation and the extent of damage incurred by the larvae on individual acorns.
The effect of such damage on early fruit abscission and germination potential of infested acorns was also
examined in this study. Acorns were collected from five Q. insignis trees in the lower montane forest of
the Cordillera de Tilarán in Costa Rica. Frequencies of infestation varied greatly among the five trees,
from 3.3% to 75%. However, there was no evidence for early abscission of infested acorns by the parent
trees. Finally, the larvae were found to produce considerable damage to individual acorns after abscission
that could potentially limit recruitment rates of Q. insignis.

RESUMEN
El efecto de los gorgojos como depredadores de las bellotas de un roble tropical, Quercus insignis, fue
evaluado. La frecuencia de bellotas infestadas y el alcance de daño por las larvas fueron usados para
evaluar el impacto de los gorgojos. El efecto de este daño en el aborto de las bellotas y el potencial de
germinación también fue examinado. Bellotas fueron recogidas de cinco arboles de Q. insignis en el
bosque montano de la Cordillera de Tilarán en Costa Rica. Las frecuencias de bellotas infestadas fueron
muy diferente entre los árboles, de 3.3% a 75%. Pero no había evidencia para el aborto de las bellotas
infestadas. Finalmente, se descubrió que las larvas causaron daño considerable después de que las bellotas
cayeron a la tierra. Entonces, los gorgojos pueden limitar en potencia el índice de reclutamiento en Q.
insignis.

INTRODUCTION
Quercus insignis (Fagaceae) is a common oak species of the premontane and lower montane wet
forests of the Cordillera de Tilarán of Costa Rica. Q. insignis is a large canopy tree that primarily
inhabits forest below 1600m (Haber et al. 1996). Although little is known about its fruiting
phenology, Q. insignis is likely to exhibit mast cycles has been observed in many other species
of Quercus (Harper 1977, Janzen 1983, Sork 1993). Mast-seeding refers to the synchronous

production of large seed crops within a population of trees at intervals of two or more years. The
specific causes of mast-seeding are not known; however, it is thought that energy requirements
for production of large seeds, pollination efficiency, and predator satiation may play roles in the
evolution of mast-seeding (Sork 1993, Silvertown and Doust 1993).
Seed predation by animals is known to have a major effect on the ecology and evolution
of both temperate and tropical plants (Janzen 1970, 1971, 1983). However, in most cases little is
known about the effects of seed predators on specific tropical tree species. Both pre-dispersal
and post-dispersal seed predators may have a considerable effect on the distribution and capacity
for recruitment of certain tree species. It should be noted that a pre-dispersal seed predator is
considered to affect any seed which has not yet been manipulated by a dispersal agent, regardless
of whether or not it is still on the parent plant (Janzen 1971). Janzen (1983) has estimated that
roughly 80% of tropical lowland woody species are affected by pre-dispersal predation, and 20%
of these are affected specifically by insect predators. These insect predators are often obligatorily
host-specific (Janzen 1970), and therefore tend to have a considerable effect on the ecology and
evolution of host plant species. Little is known regarding the extent of damage by pre-dispersal
(and post-dispersal) seed predators in higher elevation tropical forests.
One insect predator that is known to commonly prey upon the acorns of Quercus species
in both temperate and tropical forests is the acorn weevil (Curculionidae: Curculioninae). These
weevils bore a feeding hole through the tough pericarp of the acorn while it is still on the parent
tree, and the females often oviposit in the hole after feeding (Borror, et al. 1989). The larvae
emerge from the eggs and feed on the starch- and oil-rich seed of the acorn, continuing
development after the acorn falls to the ground. The final larval instars then exit the acorn by
boring through the pericarp to pupate in the soil (White 1983). Although little is known
regarding the life history and effects of acorn weevils in the tropics, evidence from observations
made during this study suggest that adult female weevils oviposit from one to four eggs in a
single feeding hole. In most cases, only one of the larvae appeared to survive past the first instar.
However, as many as four late-instar larvae have been observed in a small number of individual
acorns. The classification of the acorn weevils as seed predators is unclear. Although the acorns
are attacked by adult weevils while they are still on the parent tree, the timing of lethal damage
to the seed caused by the larvae may occur before or after the acorn has been dispersed,
potentially making the acorn weevils both pre-dispersal and post-dispersal predators.
This study is an initial investigation regarding the efficiency of acorn weevils as seed
predators of Q. insignis in a tropical montane forest. The purpose of the study was to assess the
frequency of infestation and the effect of damage incurred by the larvae on individual acorns of
Q. insignis. The effect of damage was considered in the context of early abscission from the
parent tree and germination potential of those acorns that were infested by the weevil larvae.

MATERIALS AND METHODS
The study was conducted in the lower montane wet forest on the Pacific slope of the Cordillera
de Tilarán from 1500-1600m during October and November 1999.The study site was located
within the private forest reserve of the Estación Biológica Monteverde, Puntarenas Province,
Costa Rica. Five Q. insignis trees were found to be fruiting within the study site. Acorns were
first cleared from the ground beneath the parent trees. Those which were not already rotting were
collected for analysis. Subsequent acorns were then collected daily beneath each of the trees.

Size of each acorn was first recorded as the greatest width after the cupule was removed.
Each of the acorns was then opened to determine the presence or absence of weevil larvae, and to
assess damage incurred by the larvae. Damage was recorded by assigning numbers to different
type of damage. Type – 1 damage consisted of a whole bored through the pericarp by a weevil
with either no larvae present or very immature larvae just beneath the pericarp which incurred no
damage to the seed itself. Type-2 damage was the result of a more mature larva boring a thin
tunnel through the seed. Finally, type-3 damage consisted of a cavity within the seed formed by a
larger, more mature larva.
In order to assess the effect that the weevil larvae have on the germination potential of the
acorns, a separate laboratory experiment was conducted. One-hundred twenty-one viable acorns,
a separate laboratory experiment were conducted. One-hundred twenty-one viable acorns were
initially cleared beneath Tree 5. These acorns were placed in forest topsoil that was collected and
put in four 30cm round plastic trays. The soil was kept moist and the trays were placed in partial
light in the laboratory. After 25 days the acorns were separated as germinated or non-germinated.
These acorns were then opened and analyzed in the same manner as the others had been; acorn
size, infestation, and extent of damage were recorded.

RESULTS
Frequencies of infestation by the weevil larvae in the abscised acorns was first determined for
each of the observed trees and are summarized in Table 1. Infestation rates ranged from 3.33% to
75.0%. Among the five trees the infestation rates were shown to vary significantly, with
correction for unequal sample sizes (x²=80.11, df = 4, p < 0.001). It should also be noted that
there was considerable variation in the number of acorns found beneath each of the five trees
(Table 1). These unequal sample sizes were interpreted as a rough measure of canopy acorn
density. No correlation was found between sample size and the frequency of infestation by the
acorn weevils (Spearman rank, Z = -1.20, p = 0.230).
Frequency-size histograms were constructed for both infested and non-infested acorns
from all trees sampled (Figure 1). No significant difference between the distributions for sizes of
infested and non-infested acorns was found (Kolmogorov – Smirnov test, x² = 4.25, df = 2, p =
0.239). The highest frequency of infested acorns was observed in the 2.0 – 2.5 cm size range.
This corresponds closely to the size range with the highest frequency of non-infested acorns
(Figure 1). In addition, frequency-size distributions were compared for the germinated and nongerminated acorns from the germination experiment. These distributions were also very similar,
with the highest frequency of acorns in the 2.0 – 2.5 cm size class. No significant difference was
found between the distributions for the germinated and non-germinated acorns (KolmogorovSmirnov test, x² = 5.10, df = 2, p = 0.157).
The data from the germination experiment were further analyzed by comparing the
frequency of infestation by the weevil larvae in the germinated and non-germinated acorns.
These data are summarized in Table 2. The infestation rates were not found to vary significantly
between the germinated and non-germinated acorns (Z = 0.978, 0.327 < p < 0.332). The extent of
damage incurred by the larvae was then taken into consideration. Type -2 and type – 3damage
were considered to incur substantial damage to the actual seed of the acorn. The proportion of
acorns with substantial damage was then compared between the germinated and non-germinated
acorns (Table 2). These two proportions were shown to vary significantly (Z = 10.7, p < 0.0001),
with a higher occurrence of type 2 and type 3 damage found in the non-germinated acorns.

DISCUSSION
In order to assess the extent to which the acorn weevils affect the overall recruitment potential in
acorn crops of Q. insignis, several factors must be considered. First, the frequency of infestation
will clearly play a major role in their effect on a population of Q. insignis. Second, the timing of
infestation and the life history of its larvae within an acorn must be considered in order to assess
the efficiency of acorn weevils as pre-dispersal (or post-dispersal) seed predators. Finally, the
dormancy time of the abscised acorns presents an important factor regarding the time for larval
development. This will in turn affect the extent of damage to the seed prior to germination and
establishment of a self-sufficient seedling.
Frequencies of infestation by the acorn weevil larvae were shown to vary greatly among
the trees sampled in the study (Table 1). The 3.3% infestation rate observed for Tree 2 would
likely have little effect on the recruitment success in the acorn crop of that tree. An infestation
rate of 75% as observed in Tree 4, on the other hand, would more likely generate a noticeable
reduction in recruitment of offspring into the next generation.
The difference in infestation rates among the trees was evidently not a product of densitydependency as has been demonstrated by studies of seed predation in certain tree species (Janzen
1970, 1971). The variation in acorn sample size among the trees was considered an estimate of
acorn crop density, and was not shown to affect the frequency of infestation. Although this
difference in rates of fruit abscission may be partly due to different stages of the fruiting cycle
observed in each of the trees, it likely reflects the density of ripe fruits in the canopy of each
parent tree. It is not clear what factors produce this heterogeneity in rates of infestation, but may
be a product of the duration of fruiting within individual trees or the patchy distribution of
fruiting trees. Clearly more information is needed in order to explain the distribution of
infestation rates by acorn weevils.
In all of the acorns that were collected and known to have fallen since the previous day,
those that were infested invariably contained very small immature larvae that caused no
considerable damage to the seed. However, those acorns that were initially collected from each
of the trees and therefore had remained on the ground for an unknown length of time, often
exhibited considerable damage to the seeds, likely limiting their viability.
Acorn size was used to predict the effects of the larvae on early abscission of the acorns.
A trend for higher frequency of infestation in smaller acorns might suggest that the parent trees
were aborting the infested acorns. However, no such trend was observed for the trees sampled.
The similar size-frequency distributions for the infested and non-infested acorns suggest that the
parent tree does not respond to the presence of the larvae by aborting the infested fruits, as has
been demonstrated for certain other tree species (Janzen 1971). The similarity of the sizefrequency distributions for infested and non-infested acorns instead suggests that there is random
selection for oviposition by the weevils with respect to acorn size, and there is no effect of
infestation on early abscission. Furthermore, the similarity between the frequency-size
distributions of the germinated and non-germinated acorn suggests that the smaller acorns show
no reduction in capacity for germination, as would likely be found in the case of aborted fruit.
Finally, results from the germination experiment suggest that the weevil larvae do indeed
limit the viability of the acorns by producing considerable damage to the seeds prior to
germination. Among those acorns that exhibited considerable damage by the larvae, only one
was found to germinate (Table 2). However, some of the infested acorns from the germination
experiment were found to contain larvae that were still very immature at the time of dissection.

Among those acorns with immature larvae and therefore little damage to the seeds, there was no
substantial limitation observed in capacity for germination. Together, these results suggest that
the effect of infestation on the viability of the acorn is largely dependent on the time it takes the
acorn to germinate. Since the acorns used in this experiment were those initially collected from
one of the trees, the length of time since abscission was unknown. Under laboratory condition,
many of the acorns germinated after only 25 days. Although little is known about the life history
of Q. insignis, it is likely that germination would take longer under normal conditions beneath
the canopy of the forest. It should also be noted that the effect of the weevil larvae has not been
considered for development beyond germination. Even small amounts of damage to the seeds
may effect development after germination but prior to the establishment of a self-sufficient
seedling. Further research is needed in order to address these questions of life histories and
germination timing that may have a considerable impact on the extent of damage by acorn
weevils in populations of Q. insignis.
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